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Detailed report 
(Name of invention) 

light emitting element, and lighting equipment which uses the same 



This invention is a large area flat lighting equipment with uniform luminosity 
made by joining multiple flat light emitting units which does not use a fluorescent tube. 

(Constitution) 

This invention is a flat light emitting unit which uses optical fibers and a light 
leaking step. The input end of the optical fiber is connected to outside. The output end is 
connected to outside. 

Sphere of patent request 



Abstract 
(Object) 



(Claim 1) 



Claim 1 is concerning a light emitting unit which has the following characteristic: 
A light-emitting unit consists of: 

An enclosure (1) which has at least one light emitting surface (1 1) and a housing 
(100) which forms a transparent space (10) limiting the light-emitting surface (1 1), 

A light emitting body (20) which contains at least one optical fiber (2) inside the 
transparent space (10) of the enclosure (1) and a light-leaking step (4) which leaks the 
light supplied to the optical fiber (2) from the side of the optical fiber (2) into the 
transparent space (10), 

a uniformity step (3) that exists in the transparent space (10) side of the light 
emitting surface (11) which produces uniform luminosity along the entire area of the 
light-emitting surface (11) when light leaked from the light emitting body (20) to 
transparent space (10) is discharged from the light-emitting surface (1 1) to the outside of 
the enclosure, 

an optical fiber (2) of the light emitting body (20) with an input end (21) on one 
end of the optical fiber (2) that is connected to the outside of the enclosure (1), an output 
end (22) on the other end of the optical fiber (2) and is connected to outside of the 
enclosure (1). 

the light leaking step (4) is arranged along the lengthwise direction of the optical 
fiber (2) at one portion of the spherical surface of the optical fiber (2) of the light emitting 
body. 

(Claim 2) 

Claim 2 is concerning the light-emitting unit in claim 1 which has the following 
characteristics. Inside the transparent space (10) of the enclosure (1), in addition to the 
light emitting body (20), there is at least one optical fiber without a light leaking step 
which forms a transparent body. This optical fiber has an input end and an output end 
connected to the outside of the enclosure. 

(Claim 3) 

Claim 3 is concerning lighting equipment which consists of a lighting body and 
an external light source. In detail, it consists of multiple light-emitting units in claim 1 . 
This lighting body is formed by connecting the output end of one unit and the input end 
of another unit to each other so that transmission will be possible between at least one 
optical fiber of each light emitting unit and at least one optical fiber of the next light 
emitting unit. The external light source supplies light to the lighting body. 

In this lighting equipment, one of the multiple light emitting units functions as a 
light receiving and emitting unit where light is directly supplied from the light source. 
An optical fiber of light emitting unit other than the light receiving and emitting unit is 
arranged to supply light to the next light emitting unit next. 

Detailed explanation of the invention 
[0001] 

This invention is concerning light emitting unit which is suitable for purpose such 
as an internally illuminated display for road signs, billboards, etc., or a relatively large 
flat lighting equipment which is placed on a lat surface indoors or outdoor such as a 



ceiling, floor, or wall. It is also concerning lighting equipment which is consists of 
multiple numbers of the light-emitting units. 

[0002] 
(Prior art) 

A planar light-emitting body which emits uniform light from the entire light 
emitting surface is discussed in, for example, Japan patents No. H 5-224020, No. H 7- 
5326. 

[0003] The planar light emitting body disclosed in these publicized reports has the 
following overall structure. That is, it is a planar light emitting body which consists of 
the following: 

1 : an enclosure which has a transparent space and at least one light emitting surface 
2: a light emitting light source which is placed inside the transparent space of the 
enclosure and radiates light inside the transparent space, 

3: a uniformity step which acquires uniform luminosity along the entire light emitting 
surface when light irradiated inside the transparent space is radiated from light emitting 
surface to the outside 

[0004] The enclosure is normally a rectangular parallelepiped. The side with the largest 
area is usually the light emitting surface. The light source is usually a linear light source 
such as a fluorescent tube, cold cathode tube, etc. It emits light uniformly in the radial 
and linear directions. 

[0005] When a linear light source is used, it is placed parallel to the light emitting 
surface. It is usually near parallel side plates counter to the light emitting surface or near 
one of four side plates which intersect the light emitting surface. In order to make 
luminosity on the light emitting surface uniform, it is normally placed parallel to one side 
plate. For instance, when it is placed near a side plate, it is placed parallel to both the 
intersecting side plate and light emitting surface. There is usually one linear light source, 
but there are cases in which multiple linear light sources are used. In addition, the side 
plate near the linear light source is usually a U shaped reflector. 

[0006] Luminosity on the light emitting surface is usually the brightest close to the light 
source, and it gets darker farther from the light source. Accordingly, in order to acquire 
uniform luminosity along the entire light emitting surface, it is necessary to use a light 
unification step. 

[0007] In the planar light emitting body disclosed in the above publicized report, the light 
unification step consists of a laminated body containing a prism film and white and semi- 
opaque diffuse transmission sheet. It is placed so that light from the linear light source is 
transmitted through the laminated body to the light emitting surface. A prism film is 
usually made of transparent resin, and multiple tiny prisms are parallel to each other. An 
example of this prism film is "TRAF-H" manufactured by 3M Co. 

[0008] 

(Problem that this invention tries to solve) 

The planar light emitting body which uses the above linear light source has a light 
emitting surface which uniformly emits light. It is especially useful as a transparent plate 
for a back light which illuminates a liquid crystal from the back side and makes it visible. 
These planar light emitting bodies include light sources in each of them, and charging of 



light source has to be performed for every light emitting body. For instance, even when 
multiple planar light emitting bodies are combined into a large illuminating body, there is 
a light source at every light emitting unit. Burnt out sources (fluorescent tube or cold 
cathode tube) must be exchanged one at a time. 

[0009] When these fluorescent tubes or cold cathode tubes are changed, it is necessary to 
open, close, or disassemble the enclosure. In order to prevent foreign substance such as 
dust from coming in, the enclosure should remain closed as much as possible. Dirt in the 
enclosure reduces luminosity or uniformity. 

[0010] The use of optical fibers has been suggested as light sources for the planar light 
emitting body. Light from an external source is supplied to the optical fiber and light 
comes out from the top end of the optical fiber outside the enclosure. This planar light 
emitting body is also designed as individual units. 

[001 1] Former planar light emitting bodies are all designed with individual emitters, and 
the multiple light emitting units are not combined for use. 

[0012] That is, the object of this invention is to offer a light emitting unit with the 
following features which functions as a planar light emitting body. In this unit, a light 
source can b exchanged without opening the enclosure. Even in the case when a flat 
illuminating device is placed on a flat indoor or outdoor surface by combining multiple 
units, exchanging individual units is not necessary. Not only that, relatively large 
lighting equipment which emits light uniformly can be formed easily. 

[0013] 

(Steps for solution) 

In order to attain the above object, this invention offers a light emitting 
unit which has the following characteristic: This light-emitting unit consists of: 

An enclosure (1) which has at least one light emitting surface (11) and a housing 
(100) which forms a transparent space (10) limiting the light-emitting surface (11), 

A light emitting body (20) which contains at least one optical fiber (2) placed 
inside the transparent space (10) of the enclosure (1) and a light-leaking step (4) which 
leaks the light supplied to the optical fiber (2) from the side of the optical fiber (2) to the 
transparent space (10), 

A uniformity step (3) that exists on the transparent space (10) side of the light 
emitting surface (11) which produces uniform luminosity of discharged light along the 
entire area of the light-emitting surface (11) when light is leaked from the light emitting 
body (20) to the transparent space (10) is discharged from the light-emitting surface (11) 
to the outside. 

[0014] The optical fiber (2) of the light emitting body (20) has an input end (21) which is 
positioned on one end of the optical fiber (2) and is connected to the outside of the 
enclosure (1), an output end (22) which is positioned on the other end of the optical fiber 
(2) and is connected to the outside of the enclosure (1). 

The light leaking step (4) is arranged along the lengthwise direction of the optical 
fiber (2) at one portion of the spherical surface of the optical fiber (2) of the light emitting 
body. 

[0015] 
(Function) 



Since the light emitting unit of this invention consists of an optical fiber, a light 
source which supplies light to the optical fiber that can be placed outside the enclosure, a 
burnt out light source can be exchanged without opening the enclosure. 
[0016] The light emitting unit of this invention has i) and ii) as characteristics. That is, 
[0017] i) the optical fiber of the light emitting body has an input end which is positioned 
on one end of optical fiber and is connected to the outside of the enclosure, an output end 
which is positioned on the other end of the optical fiber and is connected to the outside of 
the enclosure. Also, 

ii) a linear light emitting body placed inside the transparent space in the enclosure 
which consists of at least one optical fiber and a light leaking step which leaks light 
supplied to the optical fiber from the side of the optical fiber to the inside of the 
transparent space. This light leaking step is arranged along the lengthwise direction of 
the fiber on one part of the spherical surface of the optical fiber of the light emitting 
body. 

[0018] According to the construction i) above, even when the flat illuminating device is 
placed on a flat indoor or outdoor surface, each unit does not have to be changed 
individually. With multiple light emitting units, the output end of one unit and input end 
of another unit can be connected to each other so that light is transmitted between at least 
one optical fiber of each light emitting unit and at least one optical fiber of the next light 
emitting unit. It is possible to emit light from multiple units with one outside light 
source. At this point, one of the light emitting units functions as a light receiving and 
emitting unit where light is directly supplied from the light source. Optical fibers of light 
emitting units other than the light receiving and emitting unit are placed so that light is 
supplied through the connected optical fiber so that light can be transmitted to the 
neighboring light emitting unit. 

[0019] In general, most of the light injected from one end of the optical fiber passes 
through the fiber without leaking or without hitting the side of the fiber or it is repeatedly 
reflected by the inner surface of the fiber. After it reaches the output end, it leaves the 
fiber for the first time. "Light leaking step" in ii) above partially prevents such total 
reflection and enables light leakage from the side (spherical surface) of the fiber. For 
example, when the light leakage step is a diffuse reflective film which is tightly bonded 
to the outer spherical surface of the optical fiber, most of the light that reaches the diffuse 
reflective film (inner spherical surface of the optical fiber) undergoes diffuse reflection 
there. Light which has been diffused and reflected progresses toward the side of the 
optical fiber opposite the part where the diffuse reflective film has been tightly bonded, 
and it is transmitted through the side of the optical fiber, and it leaks. Light, which is 
reflected only on the inner spherical surface of the fiber where there is no diffuse 
reflective film (light leaking step) repeats total reflection, and it can reach the output end 
without leaking. In other words, more light leaks in the area where the diffuse reflective 
surface is tightly bonded. 

[0020] The light leakage step is placed along the lengthwise direction of the optical fiber 
only on one part of the outer spherical surface of the optical fiber. Therefore, light 
leakage from the optical fiber is uniformly generated along the lengthwise direction. A 
light emitting body which contains such optical fiber functions as a linear light source 
similar to a fluorescent tube or cold cathode tube. Accordingly, a light emitting unit 
which has a light emitting surface which emits light uniformly similar to the former 



planar light emitting body can be constructed just by replacing the former linear light 
source such as a fluorescent tube with a light emitting body which contains the above 
optical fiber,. By combining multiple such units effectively, it is possible to form 
relatively large lighting equipment that emits light uniformly. 

[0021] When a relatively large picture is formed by combining multiple numbers of such 
units, although part of the light supplied to the optical fiber of the light emitting body is 
leaked, the light leaking step is corrected so that most of the light will be output from the 
output end to the next optical fiber. For example, when the light leaking step is a diffuse 
reflective film, the width and/or placement of this film can be adjusted film (for instance, 
a discontinuous pattern such as dots), the amount of light leaking can be controlled easily. 
[0022] Meanwhile, the light emitting unit should contain an optical fiber for transmission 
with no light leaking step in addition to an optical fiber which functions as a light 
emitting body. By using a light transmitting body, light can be supplied to units that are 
far from the light source with hardly any drop in efficiency. This makes attaining 
uniform luminosity at every unit extremely easy. 

[0023] 

(Examples of this invention) 

(Light emitting unit) One good example of the light emitting unit of this invention is 
explained using figures 1 to 3. 

[0024] Figure 1 is a cross section of a light-emitting unit of this invention showing the 
internal parts. Figure 2 is section A-A' of figure 1; figure 3 is section B-B'. 
[0025] The enclosure (1) consists of a plate (5) and housing (100). The space formed is a 
transparent space (10). The enclosure (1) consists of the following six parts: 1) plate (5) 
which forms the light emitting surface; 2) bottom plate (103) placed parallel to the plate 
(5) at a certain distance from the plate (5); 3) two fiber supporting plates (101a, 101b) 
going through the plate (5) having holes for supporting the optical fibers (2); 4) two side 
plates (104a, 104b) that are placed along the direction going through with the support 
plates (101a, 101b). The space surrounded by these parts is the transparent space (10). 
Accordingly, the housing (100) consists of a bottom plate (103), two fiber supporting 
plates (101a, 101b), and two side plates (104a, 104b). Plate (5) consists of a prism film 

(30) and non-color and transparent support plate (51) and a diffuse transmission sheet 

(31) . The invention surface (11) especially shows the surface of plate (5). 

[0026] The inner surface of this enclosure (1) (that is, the inner surface of the transparent 
space) should be coated with highly reflective material. This improves the luminosity of 
the light emitting surface. Suitable reflective materials include, for example, metal foil or 
a vapor deposited metal coating. Also, to prevent a loss in reflectivity due to corrosion of 
the reflective surface, when metal is not used, it is possible to use a dielectric reflective 
film which consists of two kinds of organic polymer thin films with different refractive 
indices alternately or a coating containing white pigment and polymer as the reflective 
material. 

[0027] Inside the transparent space (10), there is a light emitting body (20) which 
contains at least one optical fiber (2) and a light leaking step (4) which leaks light 
supplied to the optical fiber (2) from the side of optical fiber (2) to the inside of the 
transparent space (10). The light emitting body (20) should be placed near one side pate 



(104a). The light leaking step (4) is a diffuse reflective film (may be called "diffuse 
reflective film" in the following) that is placed along the lengthwise direction of the 
optical fiber on one part of the outer spherical surface of the optical fiber (2). Details of 
this diffuse reflective film are explained in more detail later. 

[0028] In the figure, as above, the light emitting surface (1 1) is the surface of plate (5), 
and plate (5) is a laminated body which consists of a prism film (30) and non-color and 
transparent supporting plate (51) and a diffuse transmission sheet (31). Plate (5) also 
functions as a collimator (3) as well. The prism film (30) and diffuse transmission sheet 
(31) function effectively to unify the light. The support plate (51) is used to improving 
the mechanical strength of plate (5). However, it is not necessary to use a support plate 
(51) when the laminated body consisting of prism film (30) and diffuse transmission 
sheet (31) has sufficient thickness or mechanical strength. 

[0029] Meanwhile, in the figure, a light leaking step (4) is placed as on the fiber (2) 
toward the opposite side plate (104b). The side plates (104a, 104b) are curved along the 
lengthwise direction of the fiber (2), and it is convex toward the outside of the enclosure. 
In addition, the inner sides of both side plates are mirror surfaces. With this construction, 
luminosity loss in the light-emitting surface (11) near the side plate (104b), that is, 
farthest from the light emitting body (20), can be prevented. 
[0030] The optical fiber (2) has an input end (21) on one end of the optical fiber (2) 
which is connected outside the enclosure (1), an output end (22) on the other end of the 
optical fiber (2) connected to the outside of the enclosure (1). The input end (21) 
introduces light from outside the unit (for instance, from a light source) to the inside of 
the optical fiber (2). Part of the light introduced inside the fiber leaks inside the 
transparent space of the unit due to the light leaking step (4), and most of the remaining 
light exits from the output end (22). At this point, if the output end (22) and input end of 
the optical fiber of the next light emitting unit are tightly bonded, transmission becomes 
possible between both optical fibers. 

[0031] Bonding methods for optical fibers include a method which uses transparent resin 
or transparent adhesive which has almost the same refractive index as the optical fiber. 
When the optical fiber consists of plastic, it can be melted and bonded by heating or 
ultrasound. For example, when the optical fiber is acryl bases resin, it can be bonded 
using acryl based adhesive or bonded thermally at 100 to 250°C. When the optical fiber 
is plastic, they can be connected well enough just by compressing the ends of the fibers 
against each other. 

[0032] Furthermore, since this connection can be done easily, as shown in figure 14, it is 
suitable to arrange a fiber support part (12) which inserting holes (102a, 102b) where the 
fiber (2) is inserted on the fiber support plate (101a, 101b) of the enclosure (inserting 
holes 102b are not shown in the figure. However, the holes penetrate the fiber support 
part 101b as well as the inserting hole 102a). For instance, when the input end (21) is 
bent from the fiber support plate (101a) to the inside (transparent space 10) along the 
lengthwise direction of the inserting hole (102a), the fiber (2) is fixed to the fiber support 
part (12). By this, the receiver near the output end of the optical fiber can be connected 
inside the insertion hole (102a). Meanwhile, the part near the output end (22) of the 
optical fiber (2) fixes the fiber (2) to the fiber support so that it protrudes from the fiber 
support plate (101b) to the outside along the lengthwise direction of the inserting hole. 
The protruded part of the fiber (2) is connected to the receiver near the input end of the 



optical fiber of the next unit. The optical fibers of two adjacent units are connected so 
that transmission will be possible between them. The fiber support part (12) can be 
omitted if the fiber support plate (101a, 101b) is sufficiently thick as shown in figure 15 
It is possible to form the receiver above inside the inserting hole arranged directly on the 
fiber supporting plate. The length of the insertion hole (measurement along the 
lengthwise direction of the fiber) is normally within the range of 5 to 50 mm. The length 
of the fiber receiver inside the insertion hole is normally within the range of 2 to 40 mm. 
[0033] The optical fiber can be fixed inside the fiber support or hole in the fiber support 
plate by the following methods (I) a method which bonds with transparent resin or 
transparent adhesive which has almost same refractive index as the optical fiber; (II) 
method which melts and bonds with heating or ultrasound when the optical fiber and 
fiber support part (or fiber supporting plate) both consist of plastic; (HI) as shown in 
figure 10, a method which uses clad materials (6a, 6b) that cover the optical fiber. In the 
method shown in figure 10, the input end (21a) of the optical fiber (2a) of one side unit is 
bent inside the inserting hole along the thickness direction of the support plate (101a), 
and the end of the clad material (6a) which cover the fiber is lined up with the outside of 
the support plate (101a). The output end (22b) of the optical fiber (2b) of the other unit 
protrudes from the inserting hole along the thickness direction of the support plate 
(101b), and the end of the clad material (6b) which covers the fiber is lined up with the 
outside of the support plate (101a). The fibers (2a, 2b) of the two units are connected 
using one of the methods above by inserting the optical fiber (2b) of the other unit into 
the part where there is no optical fiber (2a) of the clad material (6a). At this point, the 
clad material should be fixed with adhesive inside the inserting hole of the fiber 
supporting plate. 
[0034] (Enclosure ) 

Each part of the enclosure (1) is usually formed from a plastic such as acryl, 
polycarbonate, ABS, polyester, polyolefin, polyvinyl chloride; a metal such as stainless 
steel, aluminum; glass; wood; fiber board, etc. However, the light-emitting surface (11) 
has to be transparent. Also, in order to color light from the light emitting surface, it is 
possible to color the part (such as the plate) which forms the light emitting surface. For 
example, when the plate contains a transparent support as in the above, it is possible to 
form this support plate from colored transparent material. 

[0035] The enclosure (1) can be manufactured by, for example, preparing each part 
individually and bonding them to each other. 

[0036] The shape of the enclosure is not restricted to the one shown in figure 1 as long as 
it does not damage the effects of this invention. For instance, only the side plate (104a) 
positioned near the light emitting body can be curved and the side plate (104b) far from 
the light-emitting body can be flat (figure 4); or a product which has a rectangular 
parallelepiped shape can be used. The plate (5) which forms the light-emitting surface 
(1 1) can be a parallelogram such as a diamond shape or trapezoid. Also, instead of using 
plate (5) as the output side, the side plate (104b) far from the light emitting body or the 
bottom plate (10) may form the light-emitting surface. In such cases, the prism film, 
diffuse transmitting sheet, etc, can be placed either close to or tightly bonded to the side 
plate (104b) or bottom plate (103). In addition, it is possible that any or all three - plate 
(5), side plate (104b), and bottom plate (103) may have light-emitting surfaces. 



[0037] The thickness of the sides of the enclosure (1) is decided appropriately depending 
on the material or role of each part. For example, plate (5) or bottom plate (103) has a 
relatively wide area and it is always exposed when the light-emitting surface is formed. 
Therefore, it should be as thick as possible in order to increase mechanical strength. 
However, if it is too thick, the unit will be too heavy, and it will be hard to handle. Also, 
it may cause a drop in luminosity on the light emitting surface. Because of this, the 
thickness of these parts is normally within the range of 0.5 to 30 mm, preferably 1 to 20 
mm. Also, when the fiber receiving part is formed inside the insertion hole which has 
been directly set up on the fiber supporting plate, it is better if it is thick. Since the side 
plate does not require such high mechanical strength compared to other parts, it is 
possible to make it thin. It is normally within the range of 0.1 to 30 mm, preferably 0.5 
to 20 mm. 

[0038] Meanwhile, the height (distance between the outside surface of the plate and the 
outside surface of the bottom plate) of the enclosure is chosen appropriately depending 
on the diameter, placement, and number of optical fibers placed inside. It is better to be 
as thin as possible for light weight. Accordingly, it is normally within the range of 2 to 
30 cm, preferably 3 to 20 cm, especially 5 to 15 cm range. The flat light-emitting surface 
(1 1) is normally within the range of 20 cm x 20 cm to 200 cm x 200 cm, preferably 25 
cm x 25 cm to 100 cm x 100 cm when the light emitting surface is square. If it is too big, 
the device is too heavy. On the other hand, if it is too small, too many units are required 
when a relatively large device is constructed, and installation and maintenance will be 
inefficient. When the light-emitting surface is not square, its area should be within the 
range above (400 to 40,000 cm 2 ). 
[0039] 

(Light unifying step) 

As shown in figure 1, a transparent laminated body which consists of a prism film 
(30) and diffuse transmitting sheet (31) is the light unifying step. The prism surface of 
the prism film (30) is placed toward the inside of the transparent space, and multiple tiny 
prisms are placed parallel to the optical fiber (light emitting body). The surface opposite 
from the prism surface is a flat smooth surface. In the figure, the prism film (30) is 
placed parallel to the light emitting surface. However, as shown in figure (5), further 
from the light-emitting body (2a), it can be curved from the light-emitting surface. Such 
placement prevents drop of luminosity on the light-emitting surface at positions far from 
the light-emitting body when the distance between two side plates (104a, 104b) is large. 
[0040] The top angle of the tiny prisms is normally within the range of 65 to 1 15 degrees. 
The prism film can be a product such as "TRAF", "TRAF- 1 1 "OLF", "BEF" 
manufactured by 3M. 

[0041] Also, the shape of the prisms is not restricted to triangular sections as shown in 
the figure. It is possible to use products where the section is a half-circle or arc or a 
product with a rounded top angle. In addition, the prisms can include different shapes 
and/or different sizes. It is also possible to place the prism surface toward the diffuse 
transmitting sheet or to combine multiple prism films. 

[0042] The diffuse transmitting sheet (3) is, for example, a film which consists of plastic 
or glass which has been processed into a rough surface or resin with inorganic pigment or 
polymer. The transmissivity of the diffuse transmitting sheet (31) is normally within the 
range of 10 to 70 %, preferably 20 to 60 %. If transmissivity is too high, the luminosity 



of the light emitting surface cannot be uniform. On the other hand, if it is too low, 
luminosity may drop. 

[0043] The light unifying step can also include, for instance, a diffuse reflective sheet 
placed on the surface of the bottom plate (transparent space side), prism film, multiple 
diffuse reflection projections in dots formed on the surface of the bottom plate in addition 
to combinations of the above prism films (30) and diffuse transmission sheets (31). It is 
also possible to omit the laminated prism film and diffuse transmission sheet using 
nonwoven fabric only. In this case, the horizontal surface area of the nonwoven fabric 
should be almost equal to the light-emitting surface area. 
[0044] 

(Light emitting body) 

The light emitting body (20) includes optical fibers (2) and a light-shielding step 

(4). 

[0045] The optical fiber (2) is formed from material which has transparency where light 
from one end can be transmitted to the other end, for instance, materials with 1.3 to 2.0 
refractive index. As such materials, for example, there are quartz glass, optical glass, 
plastic, etc. 

[0046] The optical fiber (2) can be a solid fiber formed from the above transparent 
material or a liquid sealed type fiber where liquid with relatively high refractive index 
such as silicon gel is sealed in a flexible plastic tube, etc. In the case of the solid fiber, in 
order to prevent soiling, it is normally coated with clad material. The clad material is 
formed from transparent material which has a refractive index that is less than the 
refractive index of the core. 

[0047] Plastic material for the optical fiber is formed from a transparent polymer such as 
acryl based polymer, polymethyl pentene, ethylene-vinyl acetate co-polymer, polyvinyl 
chloride, vinyl acetate- vinyl chloride copolymer, etc. The refractive index of the plastic 
is normally 1 .3 to 1 .9; transmissivity is normally at least 80 % or higher. Also, in order 
to add mechanical strength sufficient to the optical fiber itself, the polymer can be cross- 
linked. 

[0048] A manufacturing method foe a solid optical fiber is going to be explained next 
using an acryl base fiber as an example. 

[0049] First, the acryl monomer (mixture) is filled in a tube which is extended in the 
lengthwise direction and has an opening on at least one end. Next, the mixture is heated 
above the reaction temperature so that the reaction will occur in order from the other end 
of the tube to the open end. That is, the heat source is moved from other end to the open 
end. This reaction is done while compressing the mixture using gas pressure. After 
heating up to the open end is finished, in order to complete the reaction completely, the 
entire tube should be heated for several more hours. 

[0050] Suitable acryl monomers for optical fibers include, for example, (i) (meth)acrylate 
where Tg of the homo polymer is higher than 0°C (such as n-butyl methacrylate, methyl 
methacrylate, methyl acrylate, 2-hydroxy ethyl methacrylate, n-propyl methacrylate, 
phenyl methacrylate, etc.) or (ii) (meth)acrylate where Tg of the homopolymer is less 
than 0°C ( such as 2-ethyl hexyl methacrylate, ethyl acrylate, tridecyl acrylate, dodecyl 
methacrylate, etc.), or a mixture of (i) and (ii). When a mixture is used, the weight ratio 
of (meth)acrylate (H) of (i) and (meth)acrylate (L) of (ii) is normally within the range of 
15:85 to 60:40. A crosslinking agent such as a polyfunctional monomer such as diallyl 



phthalate, triethylene glycol di(meth)acrylate, diethylene glycol di(meth)acrylate, 
diethylene glycol bis allyl carbonate, etc., can be added to the above mixture. 
[0051] The acryl based optical fiber formed by this method can be uniform from one end 
to the other in the lengthwise direction, and it has good transmissivity and mechanical 
strength sufficient for the optical fiber itself. Therefore it is especially suitable for 
connecting multiple numbers of light-emitting units and constructing relatively large 
lighting equipment. 

[0052] The tube used in the above manufacturing method can be a fluoro polymer such 
as tetrafluoro ethylene - hexafluoro propylene co-polymer (FEP). That is because, in this 
case, after the reaction is completed, it can be used as it is as a protective material (clad 
material) for the optical fiber without the optical fiber. This manufacturing method for a 
flexible optical fiber has been disclosed in Japan patent No. S 63-19604, etc. 
[0053] The fiber cross section can be any kind as long as it maintains flexibility of the 
optical fiber and does not damage the effects of this invention. For example, it can be a 
circle, oval, half-circle, or an arc larger than a half circle. The diameter of the optical 
fiber is normally within the range of 8 to 40 mm, preferably 10 to 30 mm when the 
section is circular. 

[0054] Meanwhile, the following products can be used as the light leaking step: 

[I] a diffuse reflective film which is tightly bonded to the outer spherical surface of the 
optical fiber, 

[II] a diffuse reflective part which is formed by roughening the outer spherical surface of 
the optical fiber 

[HI] multiple straight scratches on the outer spherical surface of the optical fiber along 

the lengthwise direction 

[0055] The diffuse reflective can be: 

[a] a resin film which contains a dispersion of diffuse particles 

[b] an adhesive film which consists of a diffuse transparent or diffuse reflective (opaque) 
substrate, a transparent adhesive which tightly bonds the substrate to the fiber spherical 
surface 

[c] adhesive film consisting of a transparent adhesive where the bonded surface has a 
textured adhesive layer. 

[0056] Diffuse reflective particles are, for example, white inorganic powder which has a 
refractive index in the 1.5 to 3.0 range. Examples include barium sulfate (refractive 
index: 1.51), magnesia (refractive index: 1.8), titania (refractive index: 2.6). Also, the 
resin which forms the diffuse reflective can be a transparent resin which has a refractive 
index higher than the optical fiber material and also is different from the diffuse reflective 
particles. Such resin includes acryl based resin, silicon based resin, polystyrene based 
resin, polyolefin based resin, etc. The ratio of resin and diffuse reflective particles is 
normally per 100 wt. parts of particles, the resin has a pigment which colors white light 
supplied to the fiber. 

[0057] The diffuse reflective film can be formed easily by coating a dispersion of the 
above resin and diffuse reflective particles. For instance, it can be formed by applying 
the dispersion on the outer spherical surface of the fiber directly or transcribing the above 
coating onto a temporary substrate on the surface of outer spherical surface of fiber, etc. 
When the transcription method is used, if a tacky agent is contained in the resin, 
transcription can be done easily. 



[0058] The dispersion solution can be prepared using a device such as a sand mill, 
kneader, roll mill, planetary mixer, etc. Coating can be done using a device such as a roll 
coater, knife coater, bar coater, dye coater, etc. 

[0059] The thickness of the diffuse reflective film is normally in the range of 1 to 2,000 
(im, preferably 5 to 1,000 |im, more preferably 10 to 800 ^m. If the film is too thin, the 
amount of light leaked from the fiber is reduced, and the luminosity of the light-emitting 
surface may drop. On the other hand, if it is too thick, flexibility drops, and the reflective 
film may be damaged. 

[0060] The width of the diffuse reflective film (measured in the lengthwise direction) 
depends on the amount of light to be leaked. However, it is normally within the range of 
1 to 35 mm. The diffuse reflective film consists of one or multiple stripe shaped films 
that are placed along the lengthwise direction of fiber. The diffuse reflective film can be 
either continuous or discontinuous in the lengthwise direction. When it is discontinuous, 
it is possible to vary the spacing in the lengthwise direction of the diffuse reflective film. 
It can also be formed into a "barcode with same distance between" where many thin 
borders long in the direction of width and are equal in length are placed with an equal 
space between them. It can also be a diffuse reflective film formed by printed dots. 
[0061] Light reflected by the diffuse reflective film is reflected most strongly toward the 
inner spherical surface of the fiber counter to the diffuse reflective film. Most of the light 
is leaked and is used for light emission of the unit. Meanwhile, transparent diffuse 
reflective film can be also used. In this case, the component of light which is leaked is 
transmitted through the diffuse reflective film. However, in order to increase the 
directional feature of light and make it easy for the unifying step, placement, spacing, 
etc., the transmissivity of the diffuse reflective film should be lower (for example, 30 % 
or less). 

[0062] As long as it does not damage the effects of this invention, the diffuse reflective 
film can contain various additives in addition to the above materials. Additives are cross- 
linking agents, UV absorbing agents, thermal stabilizers, surfactants, plasticizers, 
antioxidants, mold-preventing agents, coloring material, light-storing material, tackiness 
adding material, etc. For colored materials, in addition to conventional pigments or dyes, 
fluorescent dye or pigment can also be used. 
[0063] 

(Lighting equipment) 

By combining multiple light emitting units of this invention, relatively large 
lighting equipment can be formed. Such lighting equipment can be used for, for 
example, lighting equipment for road signs, advertisements, etc. In this case, the lighting 
surface (light emitting surface) can be covered by a transparent display sheet such as 
signs or advertisement, and it can be designed for night use also. The transparent display 
sheet can be a transparent or semi-transparent prism type retro-reflective sheet. 
[0064] It can be used as a flat illuminating device which has a relatively large 
illuminating surface that is placed on a flat indoor or outdoor surface such as a ceiling, 
floor, or wall. In this case, for example, the illuminating equipment shown in figure 6 or 
8 (details are omitted) is placed by bonding the flat outdoor or indoor surface and the 
bottom plate of the light-emitting unit so that the light emitting surface (illuminated 
surface) can be seen by the observer. The external light source should be hidden from the 
observer. In addition, a wide illuminated surface can be formed by combining multiple 



light emitting units. Therefore, it can be used to form large lighting devices such as ones 
which cover an entire outdoor or indoor surface. 

[0065] The lighting equipment above can be formed easily by combining an external 
light source and multiple light emitting units of this invention as follows. For example, 
multiple light emitting units are placed following a predetermined placement method. An 
external light source is connected so that light is supplied to the input end of the optical 
fiber. For example, as shown in figure 7-b, a light path (203) consisting of the optical 
fiber is placed between the external light source (200) and input end (201) of the optical 
fiber of the light emitting unit. The output end of the optical fiber in the light path and 
input end of the optical fiber of the light emitting unit are connected so that transmission 
will be possible between fibers. Through the light path, light from the source is supplied 
to the optical fibers of the light receiving and emitting units. Figure 7 will be explained 
later. 

[0066] The light source can be a high luminosity lamp such as xenon lamp, halogen 
lamp, flash lamp, etc. Power consumption is normally 10 to 500 W. The lamp is 
normally placed inside a container with a reflector. The light source can be not only 
white but also colored. For instance, light emitted from a lamp can be supplied to the 
light receiving and emitting unit through a color filter. 

[0067] The placement method in figure 6 can be used for the light emitting unit, for 
example. Figure 6-b is one where the light emitting unit is flat. Figure 6-a shows only 
the optical fibers. The light emitting unit shown in the figure consists of a rectangular 
parallelepiped enclosure, three optical fibers placed as figure 10-b parallel to the side 
plate near one side plate within the transparent space of the enclosure. The 1 st unit (la) 
contains three optical fibers, and the light leaking step (4a) is placed only on one of these. 
That is, the optical fiber with the light shielding step (4a) constitutes the light-emitting 
body. The two remaining constitute the light transport body. The 2 nd unit (lb) contains 
two optical fibers. A light shielding step (4b) is placed only on one of them. That is, the 
optical fiber with the light-shielding step (4b) constitutes the light emitting body, and the 
remaining fiber constitutes the light transport body. The two transport fibers in the 1 st 
unit (la) and two optical fibers of the 2 nd unit (lb) are connected as follows: the output 
end of optical fiber of the 1 st unit and input end of the two fibers of the 2 nd unit are 
connected to each other so that light can be transported from the 1 st unit (la) to the 2 nd 
unit (lb). The 3 rd unit (lc) contains only one optical fiber, and a light-shielding step (4c) 
is placed on the fiber. That is, the 3 rd unit (lc) does not contain a light transport body. 
The light transportation fiber of the 2 nd unit (lb) and light transport fiber of the 3 rd unit 
(lc) are connected as follows: the output end of the light transport optical fiber of the 2 nd 
unit and the input end of the light emitting optical fiber of the 3 rd unit are connected so 
that light transport is possible from the 2 nd unit (lb) to the 3 rd unit (lc). 
[0068] In other words, the 1 st unit (la) functions as a light receiving and emitting unit. In 
the other light emitting units (lb, lc), light is supplied through the light transport optical 
fiber placed close to the outside light source (200) next to each other. 
[0069] Multiple light emitting units placed are arranged so that the light emitting surface 
(1 1) of each unit will be positioned on the same flat surface to make an illuminating body 
with an illuminating surface that consists of the light emitting surfaces of these units. By 
connecting the illuminating body and external light source, the lighting equipment of this 
invention can be illuminated. In addition to the case where three units are used as in the 



above, as shown in figure 8, it is possible to make larger lighting equipment by 
combining 9 light emitting units per 1 light source. Also, in the 3 rd unit shown in figure 
6, the end of the light path should be terminated with a reflective material to prevent 
leaks. This makes optimum use of light supplied to the final unit. This termination can be 
made from the reflective materials above. 

[0070] In the example consists of three unit above, light emitting units which contain 
different numbers of optical fibers are used. However, all units may contain the same 
number (three) of fibers. In this case, only one of the three optical fibers in each unit is 
adopted as a light emitting body. However, in each unit, the optical used as a light 
emitting body unit is placed in a different position. In each unit, the output end of the 
light emitting fiber does not have to be connected to the input end of the next fiber. 
Accordingly, in order to increase luminosity of the light emitting body, a reflector should 
be placed at the output end of the light emitting fiber. 

[0071] The numbers of optical fibers placed in one unit is not restricted to three. Figure 
10 shows the placement of optical fibers of a model unit. As shown in figure 10; 2, 3, 4, 
6, or any other numbers of fibers are possible. The number of optical fibers used as the ' 
light emitting body is not restricted to one; and two or more can be used as long as it does 
not damage the effects of this invention. 

[0072] Furthermore, the light emitting unit can be placed, in addition to near the side 
plate as above, as shown in figure 1 1, close to the bottom plate. In the figure, the optical 
fiber is placed in almost in the center of the width of the bottom plate parallel to the side 
wall. In this case, a reflective plate (or prism film) should be placed along two side plates 
as the unifying step, in addition to the laminated body which contains the prism film (30) 
and the diffuse transmitting sheet (31) as shown in the figure. 

[0073] Meanwhile, each unit can contain an optical fiber which works as both the light 
emitting body and light transport body. For instance, as shown in figure 9, multiple light 
emitting units (three in the figure) are placed along the lengthwise direction of the fiber 
the same as the above example. At this point, in the 1 st unit (la) which functions as a 
light receiving and emitting unit, the width of light leaking step (4a) is the narrowest; in 
the 3 r unit (lc) at the furthest place from light source, the width of the light leaking step 
(4a) is the widest. In the 2 nd unit (lb), the width of the light leaking step (4b) is between 
these values. By this, the optical fiber in the 1 st unit transports more light to the 2 nd unit 
than the amount of light leaked inside the transparent space. The necessary amount of 
light is supplied to the 2 nd and 3 rd units. Only light that has not been consumed by 
emission in the 1 st and 2 nd unit reaches the 3 rd unit. The light leaking step can be widened 
as much as possible in the 3 rd unit which is farthest from the light source. In this 
example, the capacity of the optical fiber in the transparent space can be reduced as much 
as possible. The height of the enclosure (distance between the plate and bottom plate) 
can be reduced as much as possible, and a thin light emitting unit can be formed. 
[0074] In addition, as shown in figure 7, it is possible that one light emitting unit has 
multiple (three in the figure) light emitting optical fibers. In light emitting unit which has 
a large light emitting surface (1 1) as shown in figure 7-a, as indicated in section X-X' 
(figure 7-b), three optical fibers exist, and a light leaking step (4a, 4b, 4c) is attached to 
each. Each light leaking step covers a different length. These light leaking steps can 
partially overlapped each other. With this construction, when the enclosure is relatively 



long, difference between the input end and output end can be prevented, and luminosity 
of the entire light emitting surface can be uniform. 

[0075] 

(Examples of practice) 

This invention is going to be explained in more detail according to examples of 
practice. However, this invention should not be restricted by these examples of practice. 
[0076] First, three light emitting units of the type shown in figure 1 to 3 were formed 
from the following parts. The 1 st unit (light receiving and emitting unit) contained three 
optical fibers (1 for light emission, 2 for light transportation). The 2 nd unit contained two 
optical fibers (1 for light emission, 1 for light transportation). The 3 rd unit contained only 
one optical fiber for light emission. Placement of each unit was the as same as the 
illuminating body shown in figure 6. 

[0077] (1) enclosure : The bottom plate and two fiber support plates were formed from 
wood with 10 mm thickness. Also, two side plates were placed in a predetermined 
position by curing a dielectric reflective film with approximately 90 % reflectivity in a U 
section as shown in the figure. These parts were bonded to each other using adhesive, 
and part of the enclosure (housing) excluding the plate was formed. The dielectric 
reflective film above was used to cover the entire inner surface of the bottom plate. 
Meanwhile, a plate which consisted of prism film "TRAF-II" manufactured by 3M and 
transparent reinforced glass with approximately 5 mm thickness and a white semi-opaque 
acryl plate with approximately 5 mm thickness was prepared. This plate was bonded to 
the fiber support plate and side plate using adhesive after the light emitting body and light 
transportation body were placed inside the housing (details will be discussed later). The 
width of the fiber support plate (distance between plate and bottom plate) was 
approximately 80 mm, and the area of the plate (light emitting surface) was 30 cm x 30 
cm. The distance between the spherical surface of the optical fiber (clad material) closest 
to bottom plate and bottom plate was approximately 10 mm. Also, if the unit contained 
multiple fibers, they were placed so that the distance between the fibers (clad material) 
spherical surface would be approximately 5 mm. 

[0078] (2) optical fiber: 1 wt. part of triethylene glycol diethacrylate was added to 100 wt. 
parts of a monomer which consists of 30 wt. parts of butyl acrylate and 70 wt parts of 2- 
ethyl hexyl methacrylate as a cross-linking monomer. From this monomer mixture, a 
solid optical fiber was manufactured by the above manufacturing method (thermally 
polymerizing monomer inside a tube from one end to the other as disclosed in Japan 
patent No S 63-19604). The section diameter (circle) was 12.7 mm; refractive index was 
1.48. Also, this optical fiber could transport light from one end to the other efficiently 
without radiating from the outer spherical surface. 

[0079] (3) Light emitting body: First, diffuse reflective particles were made from 100 wt 
parts of titanium dioxide; the transparent polymer was made by mixing 10 wt. parts of 
polyurethane ("# UR-8700" manufactured by Toyobo, aromatic polyurethane which has a 
sodium sulfonate group as a hydrophilic functional group) and solvent (methyl ethyl 
ketone). From this mixture, a pre-dispersion was prepared using a sand mill. Next, a 
coating was prepared by mixing this pre-dispersion and 300 wt. parts of acryl base tacky 
agent and applied to a release film and dried. A transcription type tacky film for forming 
the diffuse reflective film was formed. The tacky agent was an acryl copolymer made by 



polymerizing a monomer mixture which has isooctyl acrylate as main component. For 
the releasing film, a PET film with 50 thickness with a silicone release treatment on 
one side was used. A knife coater was used to apply the coating. After the above tacky 
film was slit to a 7 mm wide tape, its coated surface was compressed onto the outer 
spherical surface of the optical fiber along the lengthwise direction. Then the release film 
was removed and the diffiise reflective film was transcribed. The thickness of this 
diffuse reflective film was approximately 300 jam, and it had sufficient shielding feature. 
Finally, the optical fiber was coated with clad made of FEP with approximately 12.7 mm 
inner diameter, and a light emitting body was formed. 

[0080] (4) light transport body: Meanwhile, a light transport body was formed the same 
as the light emitting body above except that the diffuse reflective film was not applied. 
The light source was a 30W halogen lamp with a mirror ("# JCR-30W" manufactured by 
Iwasaki Denki). The units were connected as shown in figure 7 using three optical fibers. 
[0081] Next, the three light emitting units above were connected to each other by fibers 
between unit using the method shown in figure 12, and an illuminating body was formed. 
The output end of the optical fiber in the 3 rd unit was coated with a the dielectric 
reflective film above. 

[0082] The light source above was connected to the illuminating body, and the lighting 
equipment of this invention was formed. The units were connected as shown in figure 7 
[0083] 

(emission of lighting equipment) 

Luminosity of each light emitting surface of this lighting equipment was 
measured using a luminosity meter "T-1H" manufactured by Minolta. The results are 
shown in figure 13. During the measurement, the lighting equipment was placed so that 
the illuminating surface (light emitting surface of each unit) faced upward, and the light 
emitting surface of each unit was divided into 9 areas as shown in the figure. Luminosity 
approximately 30 cm from the light emitting surface of each divided part upward was 
measured. 

[0084] As is understood from this result, according to this invention, this lighting 
equipment emitted light uniformly along the entire of light emitting surface of each unit. 
At the same time, light was emitted uniformly along the light emitting surface of all units 
(that is, the entire illuminating surface). 

(Simple explanation of figures) 

Figure 1 : partial cross section of a light emitting unit of this invention 
Figure 2: section A-A' in figure 1 
Figure 3: section B-B ? in figure 1 

Figure 4: figure which shows that one flat side plate of the housing of the light emitting 
unit of this invention 

Figure 5: prism film in figure 2 that has been curved. 

Figure 6: Lighting equipment made by connecting three light emitting units; figure 6-a is 
a lengthwise section of the optical fiber; figure 6-b is a top view 
Figure 7: One light emitting unit with a relatively large area. Figure 7-a is a top view; 
figure 7-b is a lengthwise section of the optical fiber 

Figure 8: Model made by connecting three units in figure 6 type and one light source 



Figure 9: Figure where 3 light emitting units are connected and one optical fiber is used 
as the light emitting body 

Figure 10: section which shows the placement of multiple optical fibers 
Figure 11: section when the light emitting surface and optical fibers are counter 
Figure 12: section which shows the connected part of the light emitting unit 
Figure 13: result of intensity measurement of the example of practice 
Figure 14: section which shows details of the fiber support in figure 3 
Figure 15: section which shows another example of the fiber support in figure 3 

(Explanation of symbols) 
1 : enclosure 
2: optical fiber 
4: light leaking step 
10: transparent space 
11: light emitting surface 
100: housing 
200: light source 



EE91) 




imi 




119121 




CB13 

Wr804DMi 


J 
f 


25ft 


£S* 


Z9T 






9Zt 




H4 


403 



2Z% 








ZBfJ 




srt 




109 


II I 


we 





1*4 


822 


ftBft 






*»* 


1*0 







=o 

ft* 



(i9)B*s#?w (j p> 02) & ffl 4$ }ft & $ (a) (immm>m$n 

1-142652 

(43)&B1B ¥#11^(1999) 5 H2SB 



(51)IntCL 8 






F I 




GO 2B 


6/00 


3 3 1 


G02B 


6/00 3 3 1 


F2 1 V 


8/00 




F2 IV 


8/00 M 






601 




60 IB 








mm* 


H*^C0SC3 OL (£13K) 


(21)fflH#^ 




ftH¥9-266771 


am® a 


590000422 












(22)tflKB 




¥i£9^(1997) 9 J530B 




7 & *>A-- 










7*U#£*H, 5*7* 55144-1000, 




















am »- 










ws;n»ffi«s*ftsi*3-8-8 fts 




















EBB # 










#«;il»ffi«lS*m«l*3-8-8 ft£ 


















(74)ftax 


#g± wiu as (*2£) 



(54) istmnzm we^=-y k ^zf^nm^mmm 

(57) [Aft] 




-1- 



ISS#>S1] '>*<ttlo<0%3tB (1 1) t*<D 
»3tB (11) &R£LT3J3fc2H (10) Sr^fig-tS 

(10 0) (1) i:. 

gifcft (i) ©Sft^Rfl (10) rtCEtt*lifc^ft< 
Hioojt7r-f^- (2) ^(nft? -r 4 

(2) icifc&Sftfcft*-. *7r^^- (2) rodS^ 

&«%$n do) \m%a*z>m>m& u) 

A/T?tt*»** (2 0) t. 

&383feE (11) <0^3tSF^ (10) flflfc^&U WE 
(20) frbmytmm (10) fclljfel,*:**, 
■fcftffi (11) *»&«#rt»'SKtii£frafc*U *W 
$ti53fedS^3tB (11) ©£«l;::bfcoTB&*S-Wfc 
ME*#6it8J:5K:i-***&-fls*ft (3) i**// 

SfiE&fttt (2 0) to%V7<<>*— (2) (4, ^<03t7 

rw^- (2) ©-Mcttauw* (i) ^sstaai- 

53tA#tffl (2 1) fc, t©*77-f^- (2) coteJS 
KlttlBUS* (1) ^SISi:iiiii-53feffiltS8 (2 2) t 

#JEifft¥& (4) 14, g(B«**©*7r'f^- 
(2) tf)^B<£>-8l$#l£ x %77<<'*- (2) 

IRJWH2] flfrEffitt (l) o»*ffiBl (l 0) 
fcv HfrEISftft (2 0) ttt»JC»*#a#4vv>4< 

ho 

[»*«3] »*BiE«o*3t3.= y Hoa**»b 
Ufcot, 

8&E*S»<*>!B3fc3L=3/ F05*>©loti. %Ufrb'}t& 
ll«K»»**i*a3fc«»*a=s' h t LT1MBU 

[0001] 

[3ggurojs-rsK»#if] *35Wtt, nga», jess 

t$roMrt¥B*fcttM*¥ffiKEffi$ft3tt««*S!© 



[0 0 0 2] 

ft*Sr*-rat>OtL-CB:, fcfc*.tf«WP5-2 2 4 
0 2 0^», WBW7-5 3 2 6 ft 

[0 0 0 3] rftfe©<fc«KWjF©®#383t<*:t4, *B& 

2 : «»©«JtSrart(CE@$ft< gfcamrtfcftfctt 

3 : **awrti;:*ttt3:h.fc*#, »Jfeffia»5>*#*tt 

[0 0 0 4] ±E»#I4, 0, &t>BSI 

©j£i MfflB© 5 *>©'>£ < 1 t> 1 odSfgftE i: ft 5*fc: 
«fi£$ixtv^5o JMfejteHtt, S««3tt, 
©fcttftil-eifc 0, ^o^B±ft:ib'J:im$*lR](-fcfc 

[0 0 0 5] »tt*H«:Jfl^5»£\ *S#)feMl43!)fcE 
irI&WfcEBSftS. ^(OSItBtt, a?T365feEK: 
»lSj-t-5¥tfffliJB«©ffi«. Sfctt, »*Htmft* 

4 owjtffWES© 5 *>© 1 oroffillBtROfi^-Cfe^o 

lo©EfT«B«l£ftLTWlJ:ES$iV'5. itt*. 
IS, fffr«fl6«©iE»lJ:EB1-a»£. *©ffifr«Bi* 

[0006] %jtB(-*3i75®si4. aur, )fcisici&^ 

l><. UfcASoT, 583fcB©£EU:fc>fco-C$-fc#a 

[0 0 0 7] 3t^-{b¥iil4, _hE&«fcBfl*©E:K38 

bOJt^^^S^SrSiitfc^, 5§5tBlcSJ*t5« 
ICES^HTV^. ^DXA7-<;vAi4 s a®»4SM« 

ftfc^U XAB**i-5. :«3«*7*!)XA7-fM 
(4, fctitf, 3M (tt) ttM© rT RAF — I I J *S 

[0008] 



-2- 



4 LXGRX-ibS. ^^©Slfc&ftttte*:*^©* 
545.Rj»«*>*. fc4*.fi, «&©E#f6ft#&*a£:b-e: 

[0 0 0 9] «3ftt^»JMI«ff«r3»-*-6»fr. 

n#<om&*imti i &&-?s>ztfi y ^^©^©isa 

S„ Jlft©aAHt«fc©rtffi«:«aU 

[0 0 10] E*t38ft{*:©ftSi(4 L"C#77>f 
v^rttfiSeSii-CV^AS, *g#fl-SB©ftii(a»?>ft7 

[0011] tt*©flflR»*fcttv*-f;h.fc¥m-e*«r» 
•fSfcrotL-CRtf^^rfc^, &»©38ftflc3-=y h 

v\ 

[0 0 12] *389i©g«jW:, Ett38ft#4 

4 ft < ftH«r3»-C#. $&©;*= y h 

H8W$HB«r«^tfc*e-Ct)> loiooas? h©ft 
M-Sr^m-t5¥^Sr^< rim, La»t>, *9-l£38 

[0 0 13] 

WMfciJBIfc-rafc*©*]*] ±EBtt*a*i-*fc» 
IC, fcJBWtt. '>ft<4fclo©?S3fc® (1 1) bZO 
38ftB (11) Srffi£L.T8Jft2l« (10) Sr»*i-5 
(10 0) 4a»?>rit5*&# (1) 4. 

[0 0 14] WR^ (l) 0*X£m (10) F*llcE& 
£*ifc'>ft< 4t> lo©3t7r^^- (2) 4, *©ft 

77-<V<- (2) {Cfi«&$tLfc3tSr, ft77WV<- 

(2) «HBIE*»e>3l3tSra (10) fcilft$l*3iift# 
© (4) 4£^A,T-ft3SSft# (2 0) 4, K»ftE 
(li) ©gft£W (10) flBicflrtEU B5f2f§ft# 
(2 0) *>e>*%2m (10) K»ftLfcft#, &ft® 
(11) *»6»*flc*»^*klil*ii5fclRU BtttJSftS 
ft#36ftE (11) ©£&£*>£•? TB&iS-ttftJi&tf 

#e>*i5i5Ki-5**-fl:*a O) 4££A,-efta 

»3ta= y Hc*5^T. BWBISftfls (2 0) <D%7r<< 
/<- (2) ll, *©#77-<'<- (2) ©-$8lc{£@L 
Sift: (1) *&i:igiI-f3)fcAat4S (2 1) 4. *©ft 
77>f'<- (2) ©teSglcftSLSStt (1) *6B4iiiI 
i-SJtWWI (2 2) 4£*TU SiliSilft^g: (4) 



tt. 8WB36ftft:©ft7 7 (2) ©EE©-&# 

lc, %yr^^- (2) ©g$;friajic;fcfl&«o-cElE$ 
;tvO^;:4£«F»4-*-5, »3t»=y HSr««i-*. 
[0 0 15] 

-$:-&X/eftS©-e, *©ft77W'*-Kft«rt*l&1 _ 3 

[0 0 16] *fc, y Hi. *© i ) 

fcitfi i) ©&&ft®4-f5«ii£#L-0^o "fft 

[0017] i) JhBM#o*7r'f/«-l*. *©ft 

y 7 j s<-<D-mmm \.®#n-nt iiii-t-sftAatss 

4. *©ft7 7^-©te«fcflmL«tt:*»4g«'t 

i i) ffiflcro^agWrt^ffijl^HfcJS^^tt, '> 
ft< 4*100*77^^-4. *©ft77>f 

*S$*ifcft£, ft77^-©fl!lEa»e>jgft2lfflrtfcJi 

3ti-a»**a4«r*A/-cfto. *©wt*ari, me 

3Bft#©ft7 7'fV<-©JSfi©-8MH.^ 7r^'<-o 
ft$#fafc7cB&iBo-CEE$;lx;fc£4, -C&3. 
[0018]±Ei) ©«#£.*: *K 3i£«l©EB3s© 
fifWBSfcttSttsFE^ttteEEStiS, JtSfcWTcS! 

h0XK«r£a-fS¥H**<£4tf-V*S. »©& 
Jfca-sty Hi, Zti?1vDX%z>--y h©'>ft< 4 t> 1 
ow^r^^-t. EStf-aSBfta-s' h©'>ft< 4 
tl-D©Jt77^^-4©ffl-e3teSI* s Wffift«lc. - 
*©asy h©fJlEftfflltSS4, ft&7J©^-=y h©ME 
3tM«l4#S^K«M|-C*, lo©*»ft«-C*»© 
a=yhSrJ83t***-4*WIB-C*5. £©■», *ft 
©»ft»=3> hOi^oiott, ^^bft^iSgHMS 

t5«fta-5' h©3te^^«IICgl«!StVfc3t7 7'l'^ 

[0 0 19] 3t77W^-©-«8 (T^tiSS) 

e.Al+Uy u c($4Ay4*©*tt^-at-«lti-5r44<, 7 7 
^/<-f'9SElcafc*i4ft<'t©**aiai-5*», * 
fctt, 77'f^-rtHffiT±K»SrH9jSLT77-r/< 
-f*l«riIi@U ma (ttllt») JCPJab-CttCfcT^SB 
KBJ*. JbEii) ©fi?^*© raut^au tt, ±E©« 

tezfrtozuftmrnmu 7r<<*-*m mm) ^ 

7 7'C^-©AMffi^bAMLfc*©9* ) , &»K3tH 
d5«^UfcgS5j 0t7 7^^-rtJ3I) UiaaLfc*© 
IJ4A/4*t4, &«S#UfcftH:, 
ttlkRltiltf *» L/cSiS^ 4 *H6Tf 5 ft 7 7 -f ^<-rtJ^ 
Ek:i$l^o-Cii*ft7 7-r^-rtSffi«rSiSt, ^t-SSlc 
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^&#07 7^-rt^Br©*Ett£ft;fcttW., ±R 

zmmmtmotim mmmm #*wsz* mitt 

[0 0 2 0] »jfcf«tt. 3fc7 7f'<-0-^B©-»# 
©^fc, #77^ /*-©g£;frfo.c7cl&i£oTffita£;sa 
SCOT?. 5t7T'1'^-^P><Oti3tttS$*(S)trtofcoT 
r©ta&ft#77^-££tf383t#tt, £ 

%%*Kmmwtm&(Di&#%Mkisxmm-t&. Lit 

= yHfc«»Sfe.*, :o«4a=? ho*ft«r»*ftK: 
[0 0 2 1] SS»a=y h£»*£:b*TJt« 

^otg^iRrt-ffi, UJttttt, BBg^fe (fcirifi, 
h«fc*«ttfcRtt5*> Cite: J: •)«■** 

[0 0 2 2] 5tffc«y ISftfttLTfftS 

+53fe7r-f^-wffilc, ^¥J£©ftv^5«ffl©3fc 
7r-f'«- Wfcfct>, JtfciiflO «r*tf©*»«T»*> 

5 r. k i>m#>X®M,X-3b S. 

[0 0 2 3] 

[«&©**©?*.«] h) *»W©«fci* 

[0024] 11 1 i4#3g93©3g#^-= v hofrmmx-h 

or. -Si5»rta!SrBta$*r&5. 12U@ioa- 

A' HfcjBo-caWLfcWfflHTfcO, @3liB-B' 
[0 0 2 5] |g# (1) »4, ^ffi (5) k'^Vy? 

(ioo) ta^t), w#*»6»j«*ixsai«n*** 

(10) T?fcS. ?§# (1) (4. (D383tB*»»a-f 
•S^ffi (5) i:, ©^K (5) *»P>0f^roEffllSrtev^ 
T, ^« (5) tBWr»wEB$*vfcl£« (l o 3) 
fc. <D^fi (5) fcfcttfrU (2) &H 

1 0 1 a , 10 1b)i, ®^$^S (1 

ola, ioib) mmn-tzfi&tieiox&mzn 



520«ilfi (104a, 1 04 b) , <D6(@<0615 I S 

(10) t?*>S„ S^oT, rsttVsV (10 0) ttlSffi 
(10 3) i, 20077^^-^6 (1 0 1 a, 1 
0 1b) *5iO ! 2oOfl!lS« (1 0 4 a. 104 b) 
3&K (5) li7!)XA7^M (3 0) 

k, m$m<r>%w& (5D t, i«:**sav-h 
(3 1) ta»e>*5. 3893B (i i) tmm (5) 

BSr#fc*5"#". 

[0026]I# ( 1 ) ©fiB *>, *£SIR|© 

rtB) »4, SStttroSw»^-e»a$*v5©^»jg-efe 

^v^4if*5ffiffl-Ct5. K»E©JB£KJ:5K 
<«HI6-. Rirtftu-c. @*r«!s©Jlft3 28iB©;fr 

[0 0 2 7] »3feSW (10) rttcW;, 'M<iilo 
©#771' (2) i, *©3t7r^^- (2) Kffc 

&£*ufc7t&, %?r-<><- (2) affiBa>&*%£m 

(10) rtfcaijti-6ji3t*« (4) fcSr^A/-C4S» 
(2 0) ^B«*Jh.r^*. f§?fc# (2 0) (4, - 
#©ffi0B« (10 4a) ©ja^ttKEISSfvO^© 
W*W\ (4) 14, *7T'f^- (2) © 

^WKO— «^K, *©#77-<^-©€$*lR)ICfto 

Pf^witfeSo ) -C&So ftJB. li»SWM©f¥iWlc 

[0 0 2 8] mm<om^X-\t^ KH'&<T> «t 7 K3B3feB ( 1 
1) tt^tR (5) ©^B-efcD, 5c« (5) 14, 
A7^M (3 0) t, fllfi3n©$»fi (5 1) t, 
ffi»3t®S->- h (3 1) t*>b4«|WBflre*)5. * 
fc» (5) tt, *«&-■ fb*« (3) iLTfcaiB 
U HRftKtt, 7"!)Xi.7-f;vi, (3 0) 
iii^-h (3 1) &#»*ttlc«yBU Tt^-'fbaSSr 
^-f-S-fSo (5 1) 14, 3fcfg (5) ±#(D® 

A7^UA (3 0) cb&ibfcgi§->- h (3 1) i*>e> 

S^pffi (5 1) SrfflVNS4WH:4v\ 
[0 0 2 9] 0^©^«gT?l4, S3t#© (4) 

14, SWffi!l©ffi!lB« (10 4 b) IC|Pjtt-C7 7-l'^- 
(2) frbtm (MX) $*V5«CIBE$*VTV^. * 

fc, WJBtS (104a, 104b) 14, 7r-f/<- 
(2) ©fi$^|6jtBffi"*^U:«i6U «ff#MBC 

|6]»fT(£b©iaBSr*"U'CV^. $e>lc, ^©ffiSBS© 

rtBf4^BaoidSJfi$ix-cv^5. c©***rtKJ:9. 

»jt«c (20) a^Mcmtiit&m. -ff£t>^ mm. 
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(10 4 b) tti5:<D&ftm (11) T?<DW&<D&T*m 

[0 0 3 0] ft7r>f^- (2) iS, *OJt7r-f^- 
(2) ©-WcffiBUR* (1) #HBfcitiir**7Jt 
H (2 1) fc, *o*7r-f^- (2) <Dte«(c{fcEL 
£tt (1) ^»fc»a-f5*U«« (2 2) feWM" 
5 0 3tAJ*« (2 1) tt, ^-^>y (fctitf, * 

SO A»fe0>*fc#:7r-f/^- (2) Ort»lcJ|J 
APT'fe^ 7 7^^rt*K:W^*Tr*:*r±, -»»■ 
(4) off«lcJ:o'C*©«y ho»*2SIBrt 
fc»#U aOO»5tA/iffi3tetWt« (2 2) d^feas 

yhJMHCW*. (2 2) fc, B 

[0 0 3 1] 77^^^fp L<^«#*«fefc LTtt, » 

#T * 5 /U3R«JB*>»£\ T * V A'JMf&mT&& Lit 
9, l oo^2 5 0t;©«H©a*^iMH- art* 

-C# 5o Sfc* *77^^-#^7^fy^O^ 7 

[0 0 3 2] Sfelc, r©*ft»ttS:**lcf7A5« 
ic, BU4fc**-J:3fc:, «#©77>f^-S»« (l 
Ola, 101b) 77^/^ (2) #j$A£*t£ 
*AJL(102a, 10 2b) t#t87 7-f^» 
» (1 2) tRft"CJ8<0»<Ki-C*8, ft 
AdFL 1 0 2 b ttH***i"CV^4v^, # A?L 1 0 2 a h 
HfiHcLT, 7 7>f^J»»l 0 1 blCRJtbttfcS 
S?L-C*>5 0 ) o fcfciltt. ttAWB (2 l) 77 

(i o i a) 3&»brt« («*^m (i o) 

fl) Kfari>oT*$A?L (10 2 a) ©*S#|ft|K:»oT 
^s^M^ 77^^ (2) *7 7>f'<-£»» 
(1 2) (C@^1"^ 0 ^m-<t ( 9> jfATL (1 0 2 a) 

*77^f/<- (2) o*ffiWB (2 2) oiE«»^ 
It* Kttfc* 77-f^-XI»8 (1 0 1 b) *>e>SMMK: 

y 7 4*~ (2) «:77-f^-3E»»lcH3ei-5. -ft 
lc,fc*K 77^f^- (2) <z>rtf)£fflgfl#£, Bt8S£B 
JfW^y h0367 7^^-^3tM«S05S«»»K: 

icSBR+a. 7 7>f^-*»« (12) tt, @15{:^ 

-Ti 5 JC, 77-f (1 0 1 a, 101b)© 



#A?LrtR:R«t6tt577-f/<-a*»0«S 
tt, ii^2-4 0mmt7)iSa-efc^ o 
[0 0 3 3] 7 7>f^JJ«f*fctt77>f^- 

£«MK©J*A?LrtK, *7 7^^-«:HS1-5*tttt. 

(I) *77^f^-4:»WBCJB»r«*teaw» 
IB^Wa^HB-CStf+Sirffi, (ID 3t77^/< 

(I I I) HlOlc^SttS 
3fe7 7-<^-OH9«:83^7yK» (6a, 6 
b) Sr?0ffl-r5*ft»#tt«-C#S. BlOOiHttfHi 
3\ h©*77-f^ (2 a) ©3ftA4tiS 

(2 1a) Sr3t»S (10 1a) ©if^*fRl(C«oTjf 
AJLrtfc^tffcfcERU ^77-f^S5^7 
yW(6a) ©»tt»:$Ke (10 1a) ©^BSIdt 
5*l£ 0 |*OasyF©*77>f^- (2b) coftffl 
JM (2 2 b) (10 1b) OW**fSilC»o 

rjfAiL^b^WrtTRBrSWKEBb, ^77 
^tl5^?yK» (6 b) <D«&te;£EM£ (10 
1 a) ©ftffii-t^a.So 2o©«y h(D77^^ 
^51 (2a, 2b) Oftttfi* >?yKW (6a) © 
3677-f^- (2a) ©4V^^K1, W^yhW 
*77>f^- (2 b) £»AU ±B«>tttt*Mttr&* 
fflv^rfT5. 7 7>f^-S»*0»A?Lrtlc 

[0 0 3 4] (1) ©4S-»fitt, ii*. T 

^y/K #**-K AB S> #»J:n*7VK # 

fc*TU JSttffi (11) 

ittx.^ ±mom^ ^« 

[0 0 3 5] (1) fcirttf, *Sa*9J*£ 

[0 0 3 6] «{*:o««tt, **W©»*S:«*toftV^ 

^{cfi:Bi-5{ll®« (10 4 a) ©*dS±Eo«ft*ffi 
*-C*9, »*#*»b»t-CttB1-6fl!B* (10 4 
b) «¥«-Cfc^t>© (0 4) *\ *B*{t»ttS:*1- 
St)Ot>«ffl-et^o *fc, ^3t® (1 1) HRW-8 

(5) *t>u»»oWfH5a»^ ^»-e*5«>o 
t><£ffl-c^6o *fc, (5) t?w:4<r, ***** 
mtixwrmm^ (io4b) *.tM&& do 
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3) &&%M*J&m-tZZbt>'?*Zo :o»4»4, 

-MSf*. (10 4 b) (10 3) lc 

(5) , (10 4 b) *<fctfl£E (1 0 3) <0^ 

tiifr 2 o£ fc« 3 o*»*»*jB«r*1-««fe-r 6 r 

[0 0 3 7] IB* (1) fc»**S«fi««*HU 
ffi (5) *j&K (10 3) ttltttWiS^B8[S:*b, * 

Uft^b, ffrtf*fc«y h*«»k-c*-r, SOS 

fiT*ffi<*«it>*5. CI r*tbO« 
&<D&frttl % SMffO. 5-3 0mmOm #Sfcl41 
-2 0mmO«ltfc5. 7r^f^-J^ (10 1 
a. 101b) fc, i«Pi-55t7r^^-OjR^l[$JC 

g-C*£tfre, ±IBfcra«JC, SMitO. 5-3 0ram© 

»a^tti-2 0mmo«5H-e*>5. a?*, tm 

©«ft7r^^-ilWicitfcRltfe*ifcJ»A?Lrtfc7 

0«ft«Ad»b, a#0. 1-3 0mm, jftgttlttO. 
5-2 0mm<DS6ffl-efc6 o 

[0 0 3 8] (3e«©#rt«*ffi£« 

X, M2-30cm, £ftgtCte3-2 0 cm, 
a£l4 5-l Scm^ttim (1 

i) o¥®Ti*8H4, »*iB*jE*»o*&t«teta 

£, i§S2 0 cmX 2 0 c m— 2 0 0 c mX 2 0 0 c 
m, £FiSKJ4 2 5 cmX 25c m— 100 cmX 100 
cm(£$6B-Cfc5o *tf**fc(HMfc*Bli-e*0, 

6*fc*»o«y h»45*K:ft9, fMB0>»*jWKT 
-r»**M**>S. ft*, **S# jE##£W*)Jfrfr 
14* *Offi«as±|B©«<Oi5H (400-40, 000 
cm 2 ) |C<b50>#S£U\ 

[0039] (*«SMis*a) n i «>^ffi-ei4, ^yx 

A7^UA (3 0) tttfk*»i^-h (3 1) fc££ 
A/CftS, 3t^ttOfflJB*^*»-ft:#«-C*>* 0 ^ 
JXA7-f^A (3 0) O^JXAffifi, »3t2lfflrtfc 
fRJttTEB£ft, »©»/J^9XAfi % «77-f/<- 
(»*#) fcTfrfcEBSftS. ^yXABirSMifflo 

-f/W> (3 0) J4, 3B*B5lJ:»LTI6¥ffJcEB*tur 



t^S^, B5fc«**L<&«fc, (2 a) ^6>a? 

*>*lc«v\ »*B*>felBixS«lc»«S^:-CEB'*-5 
r£t>-Ct3o ^offiftEgft, ittz.lt. 2oeo{H® 
S (104a, 104b) ©HoEHttfav^B^lc, % 

[0 0 4 0] XA7^/WA(0«/h^yXA<DlIf| 

f4, ii^6 5-1 i 5g<o«afflr*>5 0 ^ws/i/yx 

A7^/W*£LT, 3M(tfc)*t®!<D, TTRAFj , 
rTRAF-I IJ x TOLFj , rBEFj §Oi} D p n 

[004 1] ft*, /yXA^Mli, H*<0«4Hft 
?g<0BfffiOt<D(c|S5t(DT«:ft<, Srffitf^RSfctt: 

*4S^*fctt/*J:Wftft5*#*<0t>©S:^ 

Srft^b*TEBi-S r fc t -es S Q 
[0 0 4 2] h (3 1) It, fcfci«. 

*I^tffiffc5Jlfc^7^f7^7^;^#7^ (-T 

fc«tJ!§d^ft-67>r/wA-e&-5o it**aa^-h (3 

1) OjK8ifiS|5Wt, a# 10-7 0%, #ai£l4 2 0% 

-6 o%o«sffl-cfc^ 0 3taa*#Ki-r6t, 

[0 0 4 3] J6A&-ft#Stt. ±E^yXA7^;VA 
(3 0) £ftibtSi&>'-b (3 1) fc 

in^r, fct*.«, («%$mffl) ±fcEB 

#-e«ra. *fc, «%sm do) rtKEBSttfe** 

[0 0 4 4] (2 0) tt, *77^ 

- (2) bWX&m (4) tft-&tr. 

[0 04 5] %7 7<i*— (2) (1, 77^^-OftS 

1. 3-2. 0O|5i^M^MJti5o rco^ft 
[0 0 4 6] *77-f/<- (2) 14, ±ESW*f»d»e> 
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[0 0 4 7] *77>f/<-©tmi4S^^fy^ 

*"C«\ 75**y*©H»*tt»*l. 3-1. 9, 
^)t^Sii^^ii^8 0%^±r*fcSo *77^ 

[oo4 8] **=irs*7T>r^-«)»«fe*r, r*y 
[0 0 4 9] *1\ »7r>f^-«>H»-e*>5r^y^ 

[0 0 5 0] *7r^^-<oKRt45r^y;i^y^ 
-I*, fckitftf, (i) **#y^-<DTg*so < CJ:9 

sv> r^yu-h n-y^/M^ 

/M**y i'— K 7x~W99 9 U — h * if ) 
(i i) ^#yv-OTg^0t*i-Cj)5 

K Kxvvw^y u-h4« , fcs^tt (i) t 

(i i) oS^fcftffll-arfctf-CSa. 1&£Vo<D® 
Jte(i)© W?) 7^JU-h (H) ±12 

di) r^yu— h (D os^sfttt* 

(H : L) It, mm 5 : 8 5-6 0 : 4 0^1^ 

5o *fc, SMWWtu-c, v^ry^^iz-F, hy^ 
[oo5i] ±B©«icu-c»*Sixfcr^yA'**7 

* 7 7 -f /<- a *o»*»r5+»4««ttSI* fc 

[oo5 2] ±ffi^^ft^c*>v^Tfflv^e>^^6^a-^tt, 



(FEP) 907yv*B#y^-.^9*u^ 0 d 

<♦ *77-<^«BW (^7yW) ^LT^ 

att*7 7>r^-©»J5feK:BILTtt, WBHB6 3-19 
6 0 4^««fcBB^£;h/t^5 0 
[0 0 5 3] 3fe77^^-O<S*|Bj<0»fffitt> #3&9!tf> 
WK<r«ftfeftv«9 % ¥R#, ¥R£ 

D*#*iffli«)^»»» #7 7^'<-©^«tt*ll#"r 

-4 0mm, SFSlCf^l 0-3 Omm^Sfiffi-CfcSo 
[0 0 5 4] a*^Sf: LTIS, 

[I] *77>f^- (^^7) 0*JBlBfc:**£*Lfc 

[II] *7T^^-^AIiBtWSftL-C»rtLfclt 

[III] 3fe7 7-f^-<0^HffilC, 77-f^-O** 

[0 0 5 5] JtftRitlRi: L"Ctt, 

[a] ft»R»tt^S:»f[L-C^tf»IBR 

[b] SfcttttitRJt <*»H) tt^>S 

[0 0 56] tt»R»tttt-T-tt, fcfc;fctf* 1. 5- 

3. o<D&m<ommm&G+z&&<Dmmmxhz> 0 
:o«4i«»*i urn BSB^y *a (a«r* : 

1. 5 1) , v?**sT (B*f*: 1. 8) % ^*~7 
(H*f*: 2. 6) *fc* £t$:£JftK£ 

»*r««HBWt, 3t7 7^^-©«»J:9t>t*<, 

*u\ ro«4»iBfcbrr±, r^y^sMHB, *>y 

tt, ii^B^l 0 OfifiSSfcatLT, atJ3l4r5-10, 
ooofiS&£>«ffl-e*>5 0 *fc, fflkKIMlKiit&M 
77>f^-K:«»S*L*:eft*«r. 

[0 0 5 7] J£«RltlBli, ±E«JB tffitJcSMS^t 

«, ±E»»*4riff«7 7-f^-<o^»ffifcWSUfc 

[0 0 5 8] »»fSOWfiiCtt, +^K5^ 
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[0059] ftiftEatM©J¥*l4, ii# 1 ~ 2 , 000 
tfm. »®|Cli5~l, 0 0 0*im, ftKftjglCtt 1 0 
~8 0 0Mm(O45Ht?fc.5 <> J^-WffSi, 77^f 

loo so] tumKmm^m (mzufatwtftzzfa 

©^tSO 14, ^©3.-5/ h^jfJfc^-ti-S^fJfefilcbJ; 
77^'<-©£$#|6]li?&o-CEE£;h,fc:, l#*fcf4 

#-C#S„ ^Jii^fcKltSS^^ ffl£lcl;::»§iJ£ft;fct£& 
SMI^<ofi$^|6)©^-jfe«r^^5«»c-r5 r t t>X$ 5 

( K v Y ) ttKWJ LT j»OL £ ftfc&msitBllc: ±-3t 
MS&ftS. 

[0061] temsit^T?5W^^fc3ttt> astsw^ 

ft *©ft©lii/0£#il5tU =.= 5' KoH*JcfiJffl 

sits. *aatt©itttsj»iit>««-e*, w© 

©SSi-'MEE, VXSHOTn&VOassF haRft** 
ttttRJttR©7G8iSsfsf4<6</^ (fcfc 
*.»*, 3 0%£IT) «fc5. 
[0 0 6 2] Sfc, *»W©»*4r«4t>*v^lR9, te 
•tSltRMLhGimetft. ft«Wll8llt:*trr 

5„ ss«ji4, jr-mmi. hmwsmm. *we*», #e 

f£tt#J, *T®?J, KfbB$Jk*!k BS«#J, Stttt 
[00 6 3] (JglK&E) #3§?H©3Sft3-- ? h ©«& 

6. ce«ttJM9l&«ri. fciitf, ilB* 

L-cfijffl-et a. r ©*§£•, |£9§e ©as 
ic awt. £i^©3c^&*r-t- s^SBttoass/- h 

[0 0 6 4] ttitttO^ *, H£©MF*l¥B 

* fc l4Mfl-¥fifcKE $ ft 5 JtKtt*SQiR9! S **+ 



xtf, B6*fctt08fc^$ft3«fc!S9JS£B (i£*8l4 
) Sr. ±!HS*l¥ESfcr4gflJF®i:, 3836 

U 383tE (fiBME) tt«Mfj»»6Jl*.*aiK-r6. ft 
«y Mc«K*ftfc^WH3lfiai[tt. «*t*»fe**.4v> 
8UcEE$ft£©##*Lv\ #H9!©J8lSilgB 

B£-fl2f£-etS©T?, ±12Ml*)¥E*>tl4gfl-¥B£ft 

[0 0 6 5] ±BO*4BRM*«tt, fctx.«« &©<fc 

SftfcfllWfr i: S r fc fc J: 9 

7Jt«ia»e>, 7r'f^-rt»JC3t*Jttl6$ft5«{c^8» 
3taS*SSK-rs. fctitf, 07-b{c^$ft5«lc N 
tYUXM (2 0 0) *3t3.= s, Y<o%yy^^~<o 
3feAM« (2 0 1) t©Mlc, 3t7r-f^-Sr-&A/-e^ 
5£i£B8 (2 0 3) SriBEL, e^K©3fe7rW/<-co 

[ o o 6 6 ] jfeSifctt, nyy?^, Aoyy^v 
y>-7<om&nfiti. ii^i o~50 0WT?fc5. 7^ 
©SfttE*4i*.orte>ft6. Sfc, *a»siW&+5* 

[0 0 6 7] »3t=-=S' h©EE7J)*l4, 12 
6C^1-tS*t>©^Sffl-Ct5. 06-btt363t3-=y 
hroffiE^rft&^Eetfc^fcHTffc"?, 06-a(43t7 

3S*as.y M4, B&E*#©«fl:t, ^©ffift:©^*^ 
Ifflrt, 1 o©{l!)E«©ifi^tC, ^©ffiiJBSIcB&WI-ia 
1 0-b©4?lc|EE$ftfc3*©3t7r'C^-i:S-t 
A/T?«5. SlasyF (la) 14, 3#©3fc7r 

*©rt© 1 *(C©^il3t¥l3; (4 a) *5ffiS 
$ftrv^5 0 (4 a) *5EE$ftfc 

&ffitfLLX^Z> 0 |2as?h (lb) 14, 2*©)t7 

7 -f -t©rt© i ^lc©^.{cii3t^®; (4 
b) *BB*ftTV^S. -f*fc>*>. Ji5t¥S (4 b) ^ 
EE$ftfc3t7 7'f^-* s *3t{*^fiet, S*)©1* 
Ht*ei3H*:fc«l*bTV^. *fc, fBlas^h (1 
a) ©3te^«c©2*©7 7W^-i, JB23.= yh 
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(lb) ©2*©*7 7>T/<-fctt, Sl^^ (1 
a) H*2a=yh (lb) IC%fii8#pTttftWC % 

stress, dc) is, \*<oh-<o%y 

7-f'<— **** tC77^^-fci**8 (4 c) # 
EH^tbT^So ^3^ y f (i c ) ttft 

fi«#*£*&vs S2«yh (lb) 

1^77^^-"^, I3^yh (lc) CDfgftftCD 
3t7 T -f/<-fctt, ff^^y h (1 b) ^P)f3^ 
(lc) ICJtea^RlfB**^, *2 3.n 3 /h©3fc 

#*77>f Alt«S £ #511 ^ £ ivC 8. 

[0 0 6 8] »S1-*tfi, (la) ft, 5 

h (lb, 1 c) Ictt, *ft«iR»L-(\ 

(200) icia^«^iaa*ixfc*3fc3.^2x «e 
*#ft£&*L8. 

[0 0 6 9] ±E©*lcEK**tfc«[*0»*3-=y h 
Sr. ttv€*i©a=y b©38*ffi (11) 
±K4iMH-S«K:EBU *h&©»*B0**tta>6> 

asyhtto^Wt, *0*#ftBW«>mHii** 
+S*S©K«S«**^8r*fc-T?SS. *fc. H 
6fcS3ftfc»BK:#ltS»3«3r ho^lc, 

■c#8« 

[0 0 7 0] ±B3oo« y ha»&fcsJH«tt 

a^j/ hSrfflv^TV>5d^ t^T^j' h#B— ** 
(3*) o^r-f^-Sr^tfW^Srtt-CSS, r 

IS, *4S*ittlcElBt*nfc*7r-f/<-«r***as 
y htLXR^Zo h\z.#**X % «»7 7 

ot 4 »Jt#0383t»ftS:i«»8fc«>l^ »7 7^ 
[0 0 7 1] loOMy MCiBS$tl53t7 7-<^- 



<D*»tt3*tCfRe>*V\ 01 OKI*, ^^h<03t7 
7^'<-©EB©**^ttfc**LfcB"e*>8. 110 
IC^Sti8«l^ 2#, 3*, 4*. 6#. *fc«ttO 

ft!io*&t>^ffcr&8o »*#tLT«fflSil5 

[0 0 7 2] JBftany MC*5»t5*7T-f^ 

-oEffiijfrl*, ±EO«fcBB«M>iEflM>«k 0 1 1 
tc*S*i8«fc, j^fc2r«**TEB+8rfcfc-?t 
8 e H^O«t?W:, *77^<-tt, JttROBiriRi (2 
KDm&fcZfc&jjft) {Bfflfclcfa&W 

Et^ti5/yxA7>f;vA (30) fctt»*aa*>- 

h (3 1) tfrfrtfaflttKiWiT, B*<0*fcRJ*K 
(*fcfi^!)XA7^M) S:2o©flIfii:jBotE 

[0 0 7 3] -# % 

8 0 fc&*.«, B9fc**ix8*i;:* 

yh (E^«t(j:3o) £, ±Eo»&tB«{c % 7 

hfcUT»«i-8!lll«y h (la) "C 

i*, aut^a (4a) omiMci>m<s xn^e>ftt>a 
^M3^^ b (i c) -ci*. b#¥» (4 c ) 
*2«^ (lb) -ei***i<boffl 
0**K^«6<0*fc¥S (4 b) «:*1-8*77>f^- 
Sr^tf«lci"8o ^ia^ »l^j/h(D*77>f 
/*-"Ctt, **2MrtfcS*+8*©*J:9t, SS2^ 
~y hfceas*t8*«>***<*9» «2*5±t«S 
3<D^y MiWfti^^y h©B#fc&Bft*© 
3fcSrttl&*ii8o 4fc* JlaasyHctt, il^U^ 
*2©a=yf £ ftfc^S 9 <0*» L44tt 

L4 V MOT* Jt 7 7 -f ^-icaiig L*i#<OI* t A/ if #21 

h#**-C* 8 0 
[0 0 7 4] $blc, B7fc»Sft8«fc, io<D^)t 
(B*oB-C»3*o) 8***77 

#ftaffBKO»*ffi (l l) tr#+8B*a.=:y hco^ 
lc, ^(7)X-X , UrB^^B (B7-b) 
[c, 3#©J67 7>f^-* s #SU *tt^*ulcB*^9 
(4 a, 4 b, 4 c) #|k9o(t bH"CV>8^, -tfl^P 
tt©B**B#Jlft8**««t*^-+S <t 3ic«* 

t>±v\ rco^/^«^lcJ:!9, ffi*(OS$ (77^f^- 
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[0 0 7 5] 

[0 0 7 6] *1\ Bl^Sfc*"*** y 
h£3o, BlT©**»a*»6»*bfc. fc«U f&l 

[0 0 7 7] : Jfi»8 ±tf 2fcO!77*A<-£» 

1 OmmJ?^#««a>&»tfLfc e 2&<D 

(/N^S^v^ fc#j*Lfc. *fc, H£«oi*i 
3M(*)tt«©^yXA7-f^A TTRAF-I 
0. 5mm<oefe#aWT^y^tR^^e)*-5^««rSU 

tt^8 Omm-Cfe^ ^fi (*3feffi) O^B^&te, 3 
0 cmX30 cm-CfcofCo j£«U:ftt>3E< EB 

HlifilOmm^ofc. «ft©77>f^ft 

[0 0 7 8] ®*77>f^ : ^^79 V h 3 0 
Sfttt. 2 -xf/UA,^^^ * * y h 7 OfiSSfl 

- fc LT MJ 3Lf V W ]) a — A'S** * * y h £ 1 

B«6 3- 1 9 6 O4*&*UcM*0\ ^^-^rtlc^E 
« S frfc* / 1*1 It -CUSS 9 Ic&fi 

££-£32fffi 0 ) lcJ:oTff»Ufc+jl*77-f/<- 
0rS (RJB) ©ESfii 2. 7 mm, nff*ttl. 4 8 

•Cfeofco ft*$ x i(D*77>f^tt, -«J»»bA*tL 

[00 7 9] ®$gfttt : *T , ItftRlttttt^ fc LTr 
Klk^^vi 0 0fiffi35£, ft8i§tt#y^-£LT# 



7 0 0 j , */u*yg&f- h y ^AgfcglTktt'f tESt L 
(^f/wxwhy) &d»&ftSAd4fe^6. * 

3oofift«t*a^LrH»Lfca»*r, mmy ^ 

^*fi£tt"?*>!K BB^-f/UAtt, f^50Mm^P 

£«fflUh 0 Btfjftfls-ett* «73-#-Mv^ 

±E^7^^ASr7mmi|gC07 i -7 P Wc^y y h Lfc 

*©B»iBt»*#ffl©*7 7-f^-©^J«iiK:* 

Lfc 0 imEltR®Ji*tt» 300/i m-Cfc 
9. +5MtB«tt*r#L"Cir\fc. *Blc, ASaWKil 

2. 7 mm©F E P»<0^ 7 y Kt*77>f ^-Srftl 

[0 08 0] : -**> JtfiiSS**, ItRSJt 

Ml*E*Uftv^a*»4±EO**#©»*fclB«fcLr 

7 (&NMtft (*) ttS : J CR-30WJ ) * 

fflv^o ft*5, S3t«***=y htJfflliojBItt, 
B7lcSS*i,5«K:, ±Bea»fcBflW)*77-f^- 
*3*«v^-c*j*Lfcfi3»*fc, S*«ai*»yH© 

[0 08 l]«V^t, ±E©«^LT»*Lfc3o©» 

Bl 2^c:^^t^^^■S$rfflv^, 
■©77>f^-if3L**IKU BW**»J*Ufc. ft 
^ Jg3»y h©*7 7^^-©*UK»Btt, ±EB 
BKM- ^ >< /vA^^^ft SSJ46Wx?»a bfco 

[0 0 8 2] ±fe3tS§rs ±EBW*t«SRU 
*»W©BWKBS:»*bfc 0 ft*5> S3t*^3t^-^ 

t f^^<D^ 7 r 4 /<- $r 3 v*-c»rt bfce^K t , 
[0 0 8 3] 

[»WKBo«3t] ±E©«fcLT»rtLfcBHBB0> 
*h-en<o»*iB<03Wfl[S:, ;//^ «*) ttSiMtf 
tt-ih (p p p#) j *fflv>ta£Lft. BCMJK^B 
l 3 (c^-to BSlcBt-Ctt, ffi^^fiSr, mw& («■ 

3. = yho«*ffi) Sr±Jcift«ttEBU #^7^ 
*#BS:B©«K:95MMU *»«ffl^-h 
*C1K)3 0 c mKtifeffiS^WaSraiSt^o 

[0 0 8 4] Z<Dm&ti>bt>&t»Z>m\^ **WlCj:ft 
i^toas*; hO»3tffi (i-ftb%, KWB^ 



-10- 



35) fcbfcoT*-WHM-*. «WK««:»riM-6r 
[0 1 ] fflfl^sy h<o-ffl»ffi«:*1-*ft 



[0 2] Bl©**«y h&A-A' »ciBoTSI 
SrLfcBrB0 8 

[03] Bl0>afc»? h£B-B* *fcfto-C« 
BrLfcBrBBo 

[04] h<D/N?i/V^<D^(Ol8I 
[0 5] 0 2<D^y X^7-f/UAdS«*Lfct>04:^ 



[0 6] 3oo««y h«r«»LfclB9!S»-e*> 
9, H6-att3t7r>r^-»»0*#*«l©«lfBH-e 
*>0, B6-bCTI@ 0 

[0 7] lO«^^T^ot, lt«tt*ffiS[ 
£Wt £t>O<7>0-C£>oT, H7-ari5FffiHT?*>9, 

0 7 - b \*%y r >f '<-«©»¥#ifc®RBB. 

[08] B6©*>T:/©J!BW3£««:3ofc, lO« 



[0 9] a^aijftaiy h£ig*£U l*©*»Lfc* 
7 7>r^-m»:i: LT^£0 o 
[010] *7r^f^-$:IWit5^0£I 

[011] *#Bi*77*'<-fc#«^SBW? 

£t-s#£o«&a#rBBo 

[012] 38#^~ y h 0%tttt**TOrBB. 
[013] Lfc»*» j>-CO**»S«f 

[014] B307r^^**»o»*B«:«1-»fB 
0 O 

[015] B3 07r>f^$»ffl©»J0ffl«Sr*1- 
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